I. INTRODUCTION
VER the past decades, some two-dimensional materials, such as graphene [1] - [6] , hexagonal boron nitride (h-BN) [7] - [9] , silicon carbide (SiC) [10] , [11] , transition-metal dichalcogenides [12] - [15] , phosphorene [16] - [18] , and phosphorene-like structures [19] , [20] , have caused extensive interest, not only from a fundamental point of view to understand their intrinsic properties but also from a practical point of view to study their potential applications in future nano-devices.
Phosphorene has a variety of allotropes based on their different atomic structure arrangement. It includes the common white, red, violet, and black allotropes, with the color defined by the bandgap. Phosphorene is studied with the hope of overcoming graphene's deficiencies, such as its zero bandgap. It has been emerged as a promising new two-dimensional material due to its intrinsic and tunable bandgap, high carrier mobility and remarkable in-plane anisotropic electrical, optical and phonon properties [21] , [22] . With its excellent transport properties, phosphorene has attracted a remarkable interest for potential applications in high-performance thin-film electronics, mid-and near-infrared optoelectronics, and for the development of conceptually novel devices that utilize its anisotropic properties [23] , [24] . For instance, the Zhang [16] group synthesized a few layers of black phosphorus in an experiment using the scotch tape-based mechanical exfoliation method. They peeled thin flakes from bulk crystals and fabricated the field-effect transistors based on few layer black phosphorus crystals with a thickness down to a few nanometers. Due to the strong anisotropic atomic structure of black phosphorus, its electronic conductivity and optical response are sensitive to the magnitude and the orientation of the applied strain, which appears as a promising method to design novel photovoltaic devices that capture a broad range of solar spectrum [25] . Xie et al. [26] investigated the electronic and transport properties of zigzag phosphorene nanoribbons (ZPNRs) by performing first-principles calculations. It presents a negative differential resistance behavior, and the peak-to-valley current ratio is up to 100 under low biases.
Zhu et al. [27] first predicted the existence of a previously unknown phase of O phosphorus, referred to as blue phosphorus. The blue phosphorus is hexagonal lattice crystals with a small out-plane distance of two sublattice sites, which is nearly as stable as black phosphorus. Lately, Chen et al. [28] synthesized single layer blue phosphorus on Au (111) substrate by molecular beam epitaxy for the first time. And the first-principles study shows that the nanoribbon edges will be significantly changed under strain which results in a linear decrease of the gap of blue phosphorus nanoribbons with deformation aggravation [29] .
In this work, we investigate the electronic structures and transport properties of zigzag blue phosphorene nanoribbons by a first-principles method, which can be obviously tuned through three different functional groups (i.e., -H, -O, and -OH) passivation on both edges. It makes them display semi-conductive and metallic characteristics, respectively. This edge-passivation way makes the blue phosphorous nanoribbons present more abundant electronic transport phenomena and can be useful for the design of phosphorous-based nano-electronic devices.
II. COMPUTATIONAL METHODS
We study the electronic transport properties of the ZBPNRs-based devices by density functional theory combined with the non-equilibrium Green's functions method (NEGF-DFT) [30] - [33] . The GGA-PBE is adopted as the exchange correlation functional [34] , [35] . 
III. RESULTS AND DISCUSSION
Up on structural optimization of the unpassivated ZBPNRs, the interior part of the nanoribbons experiences negligible structural change, but the edges of the nanoribbons show some degree of deformations [26] . They are not stable and easily twisty like graphene nanoribbons, due to the strong dangling bond at the both edges.
Therefore, we try to stabilize the ZBPNRs by passivating the both edges with -H, -O, and -OH groups. According to the first-principles calculation results, the semiconductor
ZBPNRs-H and ZBPNRs-OH indeed present a current forbidden behavior. While, the metallic ZBPNRs-O are conductive. As shown in Fig. 3(a) , the electron transmission spectra of the 5-ZBPNR-H and 5-ZBPNR-OH are similar, and they both present a larger gap near the EF, which suggests that little electric currents can propagate through these nanoribbons under the limited bias voltages. However, the 5-ZBPNR-O has a larger transmission coefficient near the EF, displaying good electroconductibility (see Fig. 3(a) ). And its transmission spectrum displays a remarkable quantized characteristic. It is mainly due to the distinctive band structures of the 5-ZBPNR-O (see Fig. 1(e) ). The current-voltage characteristic is one of the main parameters to evaluate the performance of low-dimensional nano-devices. To obtain the I-V curves of these ZBPNRs-based materials, we applied the external bias voltage Vb (Vb = VL -VR, and VL/R is the bias voltage applied on the left/right electrode) to the two-probe device model. We use the Landauer-Büttiker formula [41] to describe the generated electric
More details of the calculation method can be found in the previous reports [30] - [32] .
In order to further understand the electronic transport properties of ZBPNRs-O under limited bias voltages, the I-V curves of the ZBPNRs-O with various ribbon widths are calculated and depicted in Fig. 3 . band overlaps. As shown in Fig. 4(a) , the energy band of the left electrode has the most overlap with the right electrode at 0.3 V. The electron transmission coefficient is about 4, and the current reaches the peak value (about 25µA). However, when the bias voltage is increased to 1.0 V, the overlaps between the left and the right electrode bands decrease a little (see Fig. 4(b) ), which results in a significant decrease in the electron transmission coefficient in the BW. Correspondingly, the electric current is reduced to about 9 μA. And then the NDR phenomenon is appeared subsequently (see Fig. 3(b) ).
To understand the intuitive electronic transmission mechanism of the ZBPNRs-O, we further analyzed the transmission eigenstates and transmission pathways (i.e. local currents) [42] at the transmission peak (E = 0 eV) under the bias of 0.3 V, as shown in 
The arrows refer to the direction of electric current. As shown in Fig 
IV. CONCLUSIONS
In this paper, the electronic transport properties of zigzag blue phosphorene nanoribbons are investigated using first-principles method. Our calculations results demonstrate that, it can be tuned obviously through passivating the both edges of nanoribbons with some functional groups (i.e., -H, -O, and -OH). The ZBPNRs-H present a wide gap semiconductor property, and their indirect band gap changes little with increasing the ribbon width. While, the ZBPNRs-O display the metallic characteristics, and their I-V curves show an interesting NDR effect, which are independent on their ribbon widths. The electric currents through ZBPNRs-O are mainly flowing along the both outside zigzag phosphorus chains via the way of P-P bond current. The odd and even ZBPNRs-O have the parallel and symmetrical electron transmission pathways, respectively. Moreover, the ZBPNRs-OH also display a semiconductor property but with a direct band gap. Our results suggest that modifying the edges with some functional groups is an effective method to tune the electronic structures and transport properties of zigzag blue phosphorene nanoribbons.
And the proposed ZBPNRs-O could become the candidates of the nanodevices with the NDR effect.
